The behavior of coat-substrate systems subjected to repeated impingements of liquid droplets was investigated. The 
, Engel and Piekutowski [8] . and by Conn and his coworkers [9] [10] [11] 13) , and is along the lines developed previously for homogeneous (uncoated) materials [13] .
II. THE PROBLEM
The problem investigated is the following. Spherical liquid droplets impinge repeatedly upon a plane, semi-infinite material consisting of a homogeneous substrate covered by a homogeneous coating (Figure-1 ). The thickness of the coating is h. The substrate is taken to be semi-infinite normal to the plane of the surface (x direction in Figure I ). The The diameter of the droplets d, the angle of incidence 0, and the velocity of impact V are taken to be constant. The spatial distribution of the droplets is considered to be uniform. Accordingly, the number of droplets impinging on unit area in time t is [13] .
where Yt is the terminal velocity, and I is the rain intensity. The impingement rate is assumed to be sufficiently low so that all the effects produced by the impact of one droplet diminish before the impact of the next droplet [ 14] .
The pressure within the droplet varies both with position and with time. For simplicity, the pressure at the liquid-surface interface is taken to be constant, its value being given by the water hammer pressure [15] (6) and (7) Equation (11) is now approximated by the expressioñ
01 Ul VI al B y replacing Equation (11) by Equation (12) we replace, in effect, the stepwise stress function with an exponential curve, as illustrated in Figure 5 . In Equation (12) ke is the number of reflections required for the stress to reach 63.3 percent of To evaluate ke we introduce the condition that the area under the actual (stepwise) and the exponential curves are to be the same. This condition requires that the following equality be satisfied S EL) ( (14) Substitution of Equations (8) and (9) into Equation (14) The time required for ke number of reflections to occur is (see Figure 3) te = ke ~t (16) Figure 6 . For thick coating k becomes khld -coo = 0 (21) For thin coating Equation (20) reduces tõ /!/<J -~ 0 ~ ~C (22) which is, by our definition, the maximum number of reflections which may occur in the coating. (24) Substituting Equations (6) , (7) and (10) into Equations (23) and (24) and utilizing the exponential approximation-given by Equation (12), we obtain 
The force exerted by the droplet on the surface of the coating also varies with Let us now consider a point B on the surface of the material as shown in Figure  7 . Each droplet impinging upon the surface creates a stress' at point B. Assuming that the force created by the droplet at its point of impact is a &dquo;point force&dquo;, the stress at point B due to any one droplet is [25] . 0= F (1 -V,.) where F is given by Equation (27). Due to the propagation and reflection of the stress waves in the coating (as discussed in the previous section) the stress in the coating does not remain constant, but fluctuates, as illustrated in Figure 8 . Fatigue life of the material is generally calculated using an &dquo;equivalent dynamic stress&dquo; [26] . For a homogeneous material (in the absence of coating) the incubation period is [13] . tt H =al~~a Figure 9 . In this figure all the data are included for which both 1l; and the relevant material properties (al,, ul, b2, v, E, p) for both the coating and the substrate were available. As can be seen, there is excellent correlation between the model and the data, lending support to the validity of the model. ' *The value for the constant a, was given in Reference 13 as 3.7 X 10-4. This value was obtained by using the stress a instead of u. in calculating the fatigue life. When o is replaced by aea, becomes 7.1 X 10 (see Reference I?). 
